Jet Propulsion Laboratory
California Institute of Technology

Marz2sO 2l0ander VI SI 0on

Workshop for Lunar Mapping for Precision Landing

Andrew Johnson

Mars 2020 Lander Vision System Lead -
Propulsion laboratory, California Institute of Technology




Jet Propulsion Laboratory
California Institute of Technology

Mars 2020 Terrain Relative Navigation

fim Jezero Crater Landing Site

Hazard-Map

descent
imaging

ision

Element :
\»_ ‘ \ ‘4’

SafesTarget Points,

-
N\
- Compute %

The Lander Vision System
estimates map relative position

Safe Target Selection picks a landing site
that avoids hazards and existing MSL
systems guide the vehicle to a safe landing

Simple TRN intei
no harmo to MSL

Launch: July 220 | Can still land without TRN
EDL: February 18t, 2021



LVS Hardware
operated nominally
during EDL.

Vision Compute Element (VCE) built by JPL
A RAD750 general purpose processor
A VCE flight sofware
A Power conditioning card
A Computer Vision Accelerator Card (CVAC)
A RTAX2000 housekeeping FPGA
A reprogrammable Virtex5 FPGA
A up to 7000 MIPS image processing
A heat strap for thermal management
A flash memory for maps and data products

LVS Camera (LCAM)
A1024x1024 pixels
Aglobal shutter
ADDex90e F
A100ms latency
A200us exposure
Abuilt by Malin Space
Science Systems
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Lander Vision System Processing
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of 3.2km appearance entropy > 4 at 6 seconds at 10 seconds
(95% of time) (99% of time)
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Coarse Landmark Matching

descent image selected landmarks ~ RDC/warped templates normalized templates
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LVS Flight Landmark Matches

correct landmark matches (inliers) predicted image map crop
6 3 % jncorrect landmark matches (outliers) footprint region




Fine Landmark Matching
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LVS Flight Landmark Matches NASA L

correct landmark matches (inliers) predicted image map crop

6 8 5 jncorrect landmark matches (outliers) footprint region




